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CHAPTER I 
INTRODUCTION 
The biosynthesis of' pyridine compounds by higher plants and 
certain bacteria has been shown to differ from that in animals (1) and 
~uros£o.ra (2 93) o Many substituted pyridine cqmpounds in animals arise 
from.the indole nucleus of'· tryptophan through 3~hydroJcy"-anthranilic 
acid, while in higher plants this biological transformation does not 
occur (49 ~)0 Ricinine produced inRicinus co.mmunis L4 may arise from 
nieotinic aeid (6) which mayp in turn 9 arise directly f':rom small mole ... 
14 
Leete and Leitz (6) have shown that nicotinic acid-7-C is 
a precursor o;f ricinine., The ricinine formed in.this experiment was 
labeled only in the rlitrile carbon atom.. This fact suggested that pre ... 
. . . 
cursors of' ricinine may also be the precUl"sors of' nicotinic acld and 
other pyridine compounds produced by the castor plant.,. 
The reasons for choosing ricinine f'or a study of the biosyn-
thesis of pyridine compounds are th~t the alkaloid is the only one 
found in the castor plant, it is the only cyano ... substituted pyridine 
compound known to occur naturally, lt has several other functional 
groups which aid in chemical degradation and it is present in larger 
amounts than other pyridine compounds 0 
·1 
2 
The complete biosynthetic pathway for ricinine is as yet un-
known. Contributions from Dubeck and Kirkwood (7), Leete (6), Waller 
and Henderson (8,9), Marion~ §l (4,14,15), Scheidt and Boeckh-Behrens 
(10,11) have been made in the past few years but still much remains to 
be done. 
The lack of a suitable degradation procedure has been a 
serious handicap in studying the biosynthesis of ricinihe until recently 
when several chemical methods for the degradation of the alkaloid were 
developed (10,l2gi3)o 
For the purpose of extending some preliminary information 
obtained from previous contributions (} - ,.12,14) and to aid in finding 
new information on ricinine biosynthesis, a method which permits the 
individual isolation of each carbon atom except e2roans two and three 
was employed. This method was originally developed by Boeckh-Behrens 
(10). It was based largely on the findings of Bottcher (13) and it was 
further modified in this studyo It was the aim of this study to estab-
lish the labeling pattern in riclnine formed from administering carbon-14 
labeled succihic acid, malonic acid; malonamide? glycerol and glycolic 
acid to young castor plants. 
Another objective of this study was to provide additional in-
formation concerning the types of pyridine molecules which might serve 
in the pathway between nicotinic acid and ricinine. 
CHAPI'ER II 
LITERATURE SURVEY 
Ricinine was first discovered in 1864 by Tuson (15) . Evans 
obtained ricinine by extracting castor beans, the seed of Ricinus 
ro.mmunis L0 with boiling water, filtering, evaporating to a thick syrup, 
and again extracting with boiling alcohol to get pure ricinine (16). 
A. Occurrence of Ricinine 
Ricinine occurs in all parts of the young castor plant with 
an approximate yield of 00 1% of fresh weight of the ~hole plant (14)o 
The bulk of ricinine located in matured castor seeds (0 0 18%) was, found 
in the seed coat, with only about 0.03% being fo~d in the kernel (13). 
Weeyers (17) reported that during germination in the dark the 
' 
ricinine nitrogen was increased from 4 to 72 mg per 100 plants in a 
period of three weeks, which was a clear indication .that synthesis had 
occured 0 Etiolated Ricinus seedlings were found to produce more rici-
nine than the normal ones (18). However, Bogdashevskaya (19) reported 
that the castor plant showed a reduction of ricinine content in leaves 
which were shaded from the light; the upper unshaded leaves of such 
plants produced slightly higher than normal levels of, ricinine. 
Ricinine extracted from young seedlings was found (17) to be 
located mostly in the cotyledons and hypocotyl, only traces were found 
in endosperm~nd in roots. The cotyledons contained 5-10 times as 
3 
4 
much ricinine as did the hypocotyl (14). The roots of the castor plant 
are comparatively poor in ricinine content. Weevers (17) was even un-
able to detect ricinine in roots. However, Bogdashevskaya (20) showed 
that 76 percent of the total ricinine increase in the whole plants was 
found in roots after infiltration of 1% lysine solution for si~ days 0 
She also found that ricinine increased constantly with an increase in 
the physiological age of the plant, but noted it declined rapidly after 
20 days and then increased again after flowering. 
B0 Proof of Structure of Ricinine 
The first study on the structure of ricinine was published 
00 by Spath and Koller (21 9 22)q They were able to show the presence of a 
pyridine ring in the alkaloido 
By treating ricinine with 57% sulfuric acid , , , . N-methyl-4-
metho:xy- 2-pyridone and HCN were produced (23) 0 Upon removal of the 
0- and N- methyl groups when ricinine was treated with caustic alkali 
or by Pregl1 s method (24) 9 the cyano-substituted pyridone was formed, 
it therefore followed that ricinine was the corresponding nitrile with the 
structure,3-cyano-4-metho:xy-l-methyl-2-pyridone, This conclusion was 
reviewed (25) and confirmed by ,several syntheses (26-29) 0 
The first synthesis of ricinine was by the oxidation of 4-
chloroq~noline to give 4=chlo~oqulnolinic acid which ~s converted 
through i~s imlde into 4-chloro-2-amino-quinolino-J-carbo:Jo/lic acid~ 
from which the 2-hydro:xy-derivative was prepared and converted into 
294-dlchloro-=3-cyan9pyridine o The 294-dimetho:xy derivative obtained 
from this was converted by treatment with methyl iodide into a product 
identical with natural ricinine (26)o 
Schroeter §.:!t. .!l (27) reported that cyano-acetyl chloride 
polyine,:>iiied spontaneou~ly at 5-8°, producing a mixture in which chloro-
nor-rieinine predoinine.ted., This re.markable tranafor~tion was attributed 
to the inte~me~iate for~tion of JTJSlonamide chloride, and oyanoketene 
to give 6,..,chlorer4-eyd.To;,cy ... J-.cyano-2-pyridone., This product was con-
verted tQ rioinine by removat of the halogen and then methylating the 
nitrogen and the hydro:Jcy"l group at position 4, 
In 1956, Taylor §.:It .§l. {28,29) synthesized ricinine f~o.m 3-
picoline"l-oxide th.rough the intermediates 4-nitro~;.-picoline-l-oxide, 
4-ni tronicotinie acid-l-oxi,de, 4-methox;r-nicotinic acid-l.-.oxide, 4-
methoJcy nicotinate-1-o:xide, 4~metho::icynicotinamide-l=oxide, 2,4-dichloro-
niootino~nitrile and 2,4-dim.etho:x;y-~-cyanQ pyridine which was then heated 
with methyl iodide at 155° to yield ricinine., 
The proven structure of ricinine is: 
H 
N I 
CH 5 ( 7) 
Figure l 
Structure of Rici~ine 
(l,2-dihydro-4-.~ethox;y-l-methyl ... 2"."oxonicotitlonitrile) 
6 
c. Characterization of Ricinine 
Ricinine is composed of c, 58.53%, H, 4.91%, N, 17.07%, O, 
19.49%, is optically inactive; it melts at ~Ol.5°C (corrected) and sub-
limes at 170- 180°/20 m.m. (JO)~ It i s slightly soluble in water and 
chloroform, insoluble in ether and its solubility in cold pyridine is 
2%, however, it is 34% in boiling pyridine. The absorption spectra of 
ricinine was reported (Jl) to have a maxima at 315 ~ in 95% ethyl alco-
1% hol (E 1cm = 450) and 307 n:µ in water (14) with a peak of less absorbence 
occurring at 255 roµ. in both solvents. An oscillopolargraphic study of 
ricinine has been reported by Parzlak (32) who showed that the ricinine 
could be detected by the position of the indentation in the oscillogram. 
The polarography, ultraviol~t and infrared spectroscopy of ricinine have 
also been studied and reported by Manis et al (JJ). 
Ricinine does not give the usual positiye tests for alkaloids, 
but it gives some color tests such as a positive Weidel~reaction (JO), 
Fehling~ solution, ferric complex and the formation of ari isonitrile which 
can be detected when treated with 2 N NaOH and JO% H202 (34). 
Ricinine forms chloride and mercuric chloride salts and gives 
three bromjne derivatives, C6H602NBr, C6H102NBr2 , C6H702NBr~, and each 
can be characterized by their different melting points (JO). - Distilla-
tion in the presence of zinc dust will remove the side groups of rici-
nine to yield pyridine. Ricinine (C8 H802N2 ) undergoes hydrogenation 
to form tetrahydroricinine (C8 H1202N2 ) in the presence of platinum as 
patalyst, Ricininic acid, a saponification product of ricinine, can be 
oxidized by chromic acid and sulfuric acid to yield a mixture of methyl-
amine, oxalic acid and hydrogen cyanide (13). 
faper chromatographic separation and detection of ricinine 
has been reported by ·Robinson and Fawell (31) in which 20-100 µg of 
7 
ricinine can be detected by spraying with Dragendorf's reagent, potas-
sium tetraiodo bismuthate. It is distinguishable from most other struc-
turally related pyridine compoundso 
The Rf values reported were 0.55 for isopropyl alcohol-toluene-
ac~tic acid-water, 5gl0&l&l and 0.75 fort-butyl alcohol-water-acetic 
acid, 4:2glo 
D. Biosynthesis of Ricinine 
The first literature report pertaining to the biosynthesis of 
ricinine in the castor plant was published in 1952 by Dubeck and Kirk-
wood (?)o They investigated the origin of the 0- and N~methyl groups of 
ricinine by feeding germinating castor seeds carbon-14 labeled !,-meth-
ionine (methyl-c14), choline (methy1-c14) and sodium formate-c14. Only 
in the case of L-methionine-cl4 was the alkaloid appreciably labeled. 
It was shown that the ricinine was only labeled in th~ methyl groups with 
each group containing approximately an equal amount of the activity. 
These authors stated that the uniform behavior of methionine methyl as 
precursor of various C1 units found in plants clearly indicated that 
this substance occupied a key position in the labile C1 metabolism of 
higher plants. Dubeck and Kirkwood felt that the failure of formate 
to serve as a precursor was due to the early stage of development of 
Ricinus plants. Later Waller and Henderson (8) reported the incorpora-
tion of radioactivity from formate-c14 into ridnine and suggested 
that the source of labile methyl may change with growth. 
Tamir and Ginsburg (35) reported that lysine-2-e14 hyd:cochlor-
ide fed to castor seedlings was incorporated into ricinine (0 0 01%) by 
the planto They found mogt of the activity located at carbon 6 0 They 
also reported that a-amino-adipic acid-2-c14 gave rise to ricinine 
8 
labeled in carbons 2 and 6. Lysine as a precursor of ricinine was also 
studied by Juby and Marion (36,37) and Waller and Henderson (8). The 
former authors (37) used DL-lysine and found that the extent of incor-
poration was very low but that the activity was distributed between the 
nitr-ile, 0-methyl and N-methyl carbons . Neither of these groups con-
sidered lysine to be an important precursor of the pyridine ring. 
Leete and Leitz (6) and Waller and Henderson (8) showed that 
the pyridine ring of nicotinic acid and nicotinamide could become the 
a-pyridone ring of ricinine. Leete used nicotinic acid-7~c14 to inject 
3-week-old castor bean seedling growing in vermiculite and then harvested 
the plant after 14 days. The ricinine was isolated , purified and treated 
with 57% sulfuric acid to yield N-methyl-4-metho:x:y-2-pyridone which con-
tained none of the radioactivity. Thijs all of the radioactivity was 
found to be located in the nitrile group, and it was assumed that nico-
tinic acid was a direct precursor of ricinine. This was confirmed by 
14 3 Waller and Henderson (8) using C and H doubly labeled nicotinic acid 
as precursor. 
Juby and Marion (37) found a. high percentage (93%) of activity 
in the cyano group of ricinine obtained from sodium acetate-1-c14. 
Anwar et al (38) also reported that 90% of the c14 from acetate-1-c14, 
glutamic acid-2-C14 and propionic acid- 3-c14 was located in the nitrile 
carbon of ricinine. These results could best be explained by adopting 
the idea of Waller and Henderson (9) that succinic acid or the related 
four-carbon dicarbo:x:ylic acid f ound in the tricarboxyllc acid cycle was 
a · direct precursor of ricin.ine. The C4 unit would be incorporated in 
such a way that one of the carbo:xyl groups provided the carbon for the 
cyano group of ricinine and the 2 and 3 positions respectively of the 
pyridone ring. The other carbo:xyl group must eventually be lost by 
9 
deearboJcylation. The distribution of activity in ricinine shoi..m for 
acetate and glutamate could be accounted for by the operation of the 
Krebs · cycle with or without the glyox.alate by-pass (.37). Acetate-1-014 
could only result in carboJcyl-labeled succinate no matter how many runs 
are operated in the Krebs cycle and this would account for the high 
proportion of activity from acetate-1-014 0 
Feeding of succinic acid-293-c14 resulted in carbon atoms 
2,.3 and 8 (CN) labeled in ricinine with 38 0 9%, .38 0 .3% and 20.8% respec-
tively (12) 0 The labeling in carbon 8 resulted from one of the car-
boxyl groups becoming labeled after only one operation of the Krebs cycle 0 
This type of randomization was thought to account fo~ the level of ac-
tivity actually found in the cyano group after feeding succinic acid-
2 3-c14 
' 0 
Succinic acid-1,4- 014 was reported (9 ~39) to distribute the 
c14 as follows: about 85% in the cyano group and 15% in the pyridone 
Acetate-2-014 would produce succinate labeled predominately 
on the methylene groups but with slight carboJcyl labeling, thus the 
incorporation pattern would be similar to that of succinate-2,3-014 (12) 0 
If glutamic acid-2-c14 were involved in a transamina.tion 
reaction~ the resulting a-keto-glutarate-2-c14 would give rise to car-
boxyl-labeled succinate 0 Once again, ricinine with a high proportion 
of activity in the cyano group would result (37), 
The l abeling pattern obtained from propionic acid,which was 
incorporated into ricinine, suggested that this compound might give 
rise to succinate via ~-oxidation (9) 0 
Glycerol-l,3-cl4 and glycerol-2-c14 were reported (9,36) to 
incorporate into rlclnlne to the same extent as many other precursors. 
10 
This was partl y explained by its conversion to acetate through glycolysis 
(9). 
The most recent proposal ,for the biosynthesis of ricinine is 
that made by Waller (14). He proposed the following scheme (Fig~ 2) 
starting from simple moleculesi In t his pathway it was proposed that 
nicotinic acid was formed by joining a one-carbo~ compound, a two-carbon 
compound and a three-carbon compound by the following processes: The 
initial condensation of acetyl-CoA (I) with .malonyl-CoA (II) could give 
~- keto -gl~taryl~CoA (III) which would be reduced to ~-hydroxy-glutaryl-
CoA (IV) and then to glutaconyl-CoA (V) by losing water 0 Glutaconyl -
CoA could undergo transa.mi.nation to yield glutaconamide (VI) which con-
densed with formate to give N-for.myl-glutaconamide (VII) 0 Ring closure 
by an aldol .. ype condensation between carbon 2 and 6 would give compound 
(VIII). The reduction of this compound to give the dihyd~opyridine 
derivative (IX) is followed by removal of water to give nicotinic acid. 
Nicotinic acid (X) is converted to nicotinamide (XI) by transamidation 
which is hydroxylated at position 4 to give 4-hydroxy-nicotinamide (~II) 
and again hydroxylated at position 2 to give 2,4-dihydroxy-nicotlnamide 
(XIII). Compound (XIII) is converted to N-methyl-4-methoxy-3-carboxamide-
2-pyridone (XIV) by two transmethylation reactions and 'then dehydrated to 
yield ricinine (XV) 0 
2QH3 TOH 1i==O ... 4 H2 5 =O 
-c ~ · Co4 
CoA CoA-SH 
II 
VI 
_.:.... o~ ,COOH ;,.. 
H ~ "'"'"""· _..,..__ 
R : 
IX 
OH OH 
1yOOH lyOOH 
2CH2 2yH2 
s¢=o syHOH '< ,.., 
< > 4yH2 4yH2 
5y=O 09=0 
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f CoA 
III IV 
VII 
0 ..-coOH .. trans-> 
N amidation 
X 
OCH3 
11 
1yOOH + 
2Q.H2 NH4 
s~H ~ > 
- :::::.,4,. 
4yH 
59=0 
~ 
c~ 
V 
VIII 
0 . ....CONH2 __ ..ll ......... <;;» 
N 02 
XI 
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. Figure 2 j 
Proposed Pathway !or the Biosynthesis ot ~ioinine (14) 
C»A.PTER III 
EXPERIMENTAL METHODS AND MATERIALS 
A. Growing of Castor Plants 
Plants used in these experiments were grown on Fort clay loam 
soil at the Agronomy Farm o:f' the Oklaho!l).a State University in Stillwatero 
Seed~ of the Cimarron variety were.planted on May .31, 19620 This group 
of plants was used for ric,inine biosynthesis studies involving ricinine 
aqid, ricin,inic .acid, nicotin,ic acid, nicotinamide, N-methyl-niqotinamide, 
glycolic acid, ~-alanine and glycerolo · 
The ~econd group of castor plants was grown at the same loca-
tion during July to the end of A~ust in the same yearo They were used 
for ricinine p:recursor studies involving labeled succinic and fumarlc 
acids. 
Experiments performed between October, 1962, and Ma~ch~ 1963 
employed plants grown in the Horticultural Department green houseo The 
plants were used for preparin~ large quantities of riclnine formed from 
succinic acid, fumaric acid,, mt:l.lonic acid anc;l ,m.alonamide 0 
B. Injection of Labeled Compounds 
The method of injection was that developed by Waller (14) and 
is as followsg 
A 22 gauge hypodermic needle was inserted at the top o:f the 
second internode of a castor plant to serve as a vent. An aqueous 
12 
13 
solution (20-200 µl usually) of the labeled compound was injected at the 
bottom of the internode. The hollow space within the node served to 
sto~e the solution until it .was completely absorbed, Absorption by the 
young plants occurred rapidly, It was observed that old plants bearing 
.mature seeds, also plants beyond the tenth nod~l stage~absorbed these 
compounds very slowly; locali2lE?.tion of the labeled compound at the point 
of injection was observed one week after injection. 
Injection of plants was usually .made· at the physiological 
stage of 6-9 nodes and harvested 72-144 hours following the injection, 
c. Labeled Compounds Used 
Smail molecule as precursors: glycolic acid-1-014, glycollo 
acid-2-c14, glycerol-l,3-c14, glycerol-2-c14, ~-alanine-2-c14, sucoinic 
acld-1~4-014, suocinic ac.id-2,J-c14, futri.0.ric acid-2,J-c1\ malonio acid-
l-C;i.4, .rnalonic acid-2-014 a,11d .rnalonamide-1-cl4 were all purchased from. 
reputable manufacturers in the United States, Their purity was checked 
by Chromatography on Whatman No, 1 paper in a suitable solvent system 
and then locating its radioactivity on the paper by passing it through 
a strip counter.+ 
Pyridine derivatives used as precursors were obtained from 
various sources. Ricinine acid (C19 H904N) was obtained from Dro Wo G. 
Robinson of the University of Michi~an~ He prepared ricinine acld~8-
c14 by the in vitro hydrolysis (40) of rioinine-8-c14 which was sent 
to him from this laboratory obtained from ricinine biosynthesized from 
nicotinlc aeld-7-c14 o The specific a·ctlvity of ricinine acid was 
1.3 ~ 104 mµc/mM. 
+ 
Radiological Service Co. Inc., Long Island City 2, New·York~ 
14 
Ricininic acid (C B602N2-8-c14) was synthesized from ricinine-
8-c14 obtained from ricinine biosynthesized from nicotinic acid-7-c14 
by refluxing ricinine with lN NaOH for one hour (41), The resulting 
ricininic acid -was recrystalized from boiling watero The specific 
activity was 171 .mµc/mM. 
N~methyl-nicotinamide-8~c14 was prepared by refluxing nico-
tinamide-7-c14 with methyl iodide for 6 hours and purified by recrystal-
lizing from a mixed solvent of water, ethanol and ether (42)p The 
specific activity was 9o27 ~ 104 mµ.c/mM, 
Nicotinic acid-7-cl4 and nicotinamide-7-c14 were obtained from 
New England Nuclear Corp 0 Boston, Ma.ss 0 and were used without further 
purification. 
D. Measurement of Radioactivity 
Suitable. ,dilutions were made of the water soluble compounds 
and an aliquot was qounted in the Liquid Scintillation Spectrometer.+ 
The scintillation solvent was composed of 58 0 75% toluene, 39 0.25% abso-
lµte ethanol and 2% water. The 11 phosphor11 was 0,5% 2,5-diphenyl oxazole 
and 0 0 02% p-bis-2-(5-phenylo:icazolyl) benzene, After adjusting the pro-
per voltage and determination of quenching effect, the system above was 
found to have an efficiency of J8% for carbon-14 compounds and 800% 
for tritium labeled compounds 0 Specific activities of ricinine pre-
cursor compounds and degradation products were deter.mined by this 
method. For those having a low solubility in this solvent 9 the Van 
Slyke-Folch wet combustion method was employed (4.3j L.4) 0 .A proper 
amount of 1;1olid Kl04 was added to a k,nown amount of sample which was 
+ 
Model 314 E Tri-Carb, Packard Instrument Company Inco, La Grange, 
Illinois, 
l5 
·placed in a combustion tube, then a solution of Cr03 in HaS04-H,1:P04 
(20% S03 content) was added. The CO2 which was evolved was coll,ected 
and counted with a Vibrating Reed Eleetrometer.+ The specific activity 
of ricinine was also checked by wet combustion. 
E, Isolation, Ptµ"iflcatio.n and, Identi!ication of Ricinine 
l, Isolation of ricinine (6,14) 
Castor plants were out into 1/2 to l inch pieces and .macerated 
for 15 minutes with chloroform in a Waring Blendor++, using a weight 
ratio of chloroform to fresh plant of 4:1. The mixture was filtered 
by vacuum through a sintered. glass funnel (coar$e porosity). The re-
sidue -was returned to the blender and extracted for 15 minutes with 
chloroform using a weight ratio of chloroform to fresh plant of l::l, or 
a .!Dinimwn volwne of 50 ml. This mixture was filtered a, described 
. . 
apoveo The extraction was repeated a third time when necessary. 'l'he 
filtrates were combined and extracted with 100 .ml of 7N amm.onium hydrox-
ide, The cllloroform solution was evaporated to dryness on a steam hot 
plate. Lipids and pigments were removed from the residue by e~racting 
· with ethyl ether for about 3 times. This was followed by another cycle 
. . 
of chloroform extraction and evaporation to dryness when necessary. The 
residue was d~ssolved in hot distilled -water, filtered through a sin-
tered glass funnel of medium porosity and its weight (crude yield) 
determined after evaporation to dryness. Most samples were about 90% 
pun~. at this stage 0 The ricini.ne in the residue was then purif'ied 
._ .. ,-;' 
to a oonatant specific ac~ivity either by subli~tion or by repeat~d 
+ 
Applied Physics Corp_., 9Monrovia, .. Californi~. 
++ Wa:r;'ing ProduQts Corp 0 New ';fork, New YoJ;"k. 
recrystallization from water or redistilled chloroform. 
2. Identification of ricinine 
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The melting point of ricinine purified as above was usually 
201-202°C, which agreed with the reported value (201-201.5°C) (30)0 
Ricinine was also identified by its ultraviolet absorption spectrum+ 0 
It has ma:x:.i.Inum peak wavelengths of 217, 255 and -307 mµ (Figo 3, Appendix). 
The infrared spectrum of ricinine isolated in this manner agreed with 
that reported (Figo 4, Appendix) 0 The molecular weight of ricinine was 
determined by mass spectrometry (mass= 164). 
Paper chromatography of ricinine using N-butyl alcohol-acetic 
acid-water, 4:1:1 gave an Rr of o.68. Dragendorf 1 s reagent was found 
to be the most useful reagent for detecting ricinine. It was prepared 
as follows (32): Stock solution: 80 gm BiON03 dissolved in 20-25 ml 
30% HN03 (sp.gr. lol8). Add this solution with stirring to a solution 
containing 28 gm KI and 1 ml 6N HCl in approximately 5 ml H20, cool in 
refrigeration. The solution should be orange-red in color. Dilute to 
100 ml. It is stable for a few weeks if stored in a dark bottle in the 
refrigerator. Developer: It contains 20 ml H20, 2 ml Dragendorf solu-
tion, 5 ml 6N HCl and 5 ml 6N NaQH; add in this order; if Bi(OH) 3 does 
not dissolve, add a few drops of 6N HCl. Warm to room temperature be-
fore use. 
F. Chemical Degradation of Ricinine 
A modified procedure according to Scheidt and Boeckh-Behrens 
(10) was used. Dr. Erich Hecker of the Max Planck Institute for 
+ 
Beckman DB Spectrophotometer 0 
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Biochemistry, Munich, Germany, kindly supplied us with a copy of Dr. 
G. Boeckh-Behrens dissertation in 1961, 
l, Conversion of ricinine to ricininic acid 
One mM (164 mg) of ricinine 'Wli1.S dissolved in 3 ml of 1N 
sodium. hydroxide solution, refluxed for about one hour, cooled and 
acidified with 6N hydrochloric acid to pH 2 (pHydrion paper). The white 
precipitate was collected by centrifugation (2000 rpm) for 10-15 minutes 
and the ricininic acid was recrystallized from boiling water. For fur-
ther purification, the ricininic acid was dissolved in chloroform and 
evaporated to dryness followed by sublimation. The yield was approxi-
mately 90% •. No attempt was made to recover the methyl alcohol liberated 
from the 0-methyl group of ricinine 0 
Ricininic acid crystallizes from water as.needle shaped prisms, 
+ Analysis showed c, 55.4%, H, 4.58%, N, 18.1%, and o, 21.6%. Calculated 
It had a mass of 
150. Ricininic acid melted at 298~299°C/ 760 m.m., was slightiy soluble 
in water, ethanol, chloroform and ether. For th~ UV and IR spectra 
of :ricininic acid see Figs. 3 arid 4 (Appendix).. A ;purchased sample of 
ricininic acid++was used for comparison. 
Descending paper chromatography of ricininic acid show~d an 
Rf value of 0,60 with the solvent system n-butanol-acetic acid-w1,3.ter, 
4:1:1 0 Methyl red was used to detect the compound. 
+ Midwest Mlcrolab Inc.~ Indianapolis 20, Indiana. 
-H- General. ;!3loqhemieals·, North Amerj,.can Mogul Product Co. 
ChagTih Falls, Ohio. 
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2. Conversion of ricininic acid to 5,6-dihydro-ricininic acid 
Preparation of 5% sodium amalgam (45): To 5.82 gm of clean 
metallic sodium in 20 ml toluene was added 110. 7 gm of mercury by drops 
from a separatory funnel. The reaction was started by heating the toluene 
to boiling on a hot plate, followed by continuous shaking during the 
stage of vigorous reaction which usually lasted about 15 minutes. The 
excess toluene was evaporated and the sodium amalgam was brought to a 
molten state using an open flame. The amalgam was then solidified by 
pouring on porcelain and crushed into lumps for storage. It was stored 
at room temperature in an air-tight container. 
To prepare dihydroricininic acid, 150 mg (1 mM) of ricininic 
acid was dissolved in 1 ml of lN sodium hydroxide solution, 5 ml of 
water and 1 ml of ethanol. Four gm of sodium amalgam was added in 1 gm 
portions every three hours. The reaction was started at 0°C and then 
increased to room temperature at the end of twelve hours. The reaction 
mixture was then brought to pH 2 with concentrated hydrochloric acid, 
lustrous crystals appeared after several minutes had elapsed. The cry-
stals accumulated in a large amount when the solution was allowed to 
stand overnight. They were removed by filtration and recrystallized 
from boiling water. Further purification could be achieved by sublima-
tion when necessary. The yield was about 80%. 
Characterization of 5,6-dihydroricininic acid: Dihydroricin-
inic acid prepared by the above procedure melted at 240°C. It was 
slightly soluble in water, ethanol and chlor oform, and insoluble in 
ether. It appeared as lustrous flat crystals from water. Its molecular 
+ 
compcsi.tion was C, 55.8%, H, 6.46%, N, 17 0 6% and o, 20.5%, calculated 
+ 
Determined by Midwest Microlab Inc., Indianapolis 20, Indiana 
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values are: C, 55.3%, H, 5,27%, N, 18.4% and O, 21.0%. Mass spectro-
metric analysis showed that dihydroricininic acid had a molecular weight 
of 152. 
The UV and IR spectra of dihydrorlcininic acid are shown in 
Figs. 3 and 4 and compared to its parent compounds, ricinine and ricin-
inic acid. The Nuclear Msgnetic Resonnance spectrum (Fig. 5) of di-
hydroricininic acid shows that the two newly added hydrogen atoms are 
located at carbon atoms 5 and 6. 5,6-dihydroricininic acid thus pre-
pared retains its double bond between carbons 3 and 4, advantage is 
taken of the fact that this electron-negative linkage is easily broken 
thus making ring-opening of the molecul e by an oxidizing agent easier. 
A variation of reaction conditions may result in the forma.-
tion of different hydrogenated compounds. Three different compounds 
have been reported by Boeckh-Behrens (10); however none of them was 
further studied by the author. 
The 5,6-dihydroricininic acid prepared above had an Rf of 
0.52 using the solvent system n-butyl alcohol-acetic acid-water, 4:1:1 
(descending). It was detected by methyl red 6r by its absorption 
0 
under ultraviolet light (2537 A). 
3. Oxidation of 5,6-dihydroricininic acid 
One millimole (152 gm) of dihydroricininic acid was dissolved 
in 1 ml of 1N CO 2-free sodium hydroxide and 3 ml of CO 2-free water. 
KMn04 (lN) was added drop-wise while the mixture was shaken occasionally 
at room temperature. Completion of the reaction could be determined 
by the change of color from purple permanganate ion to brownish black, 
until a further drop of permanganate retains the purple color for 1-11 
hours. The titration of KMn04 was terminated when a total amount of 
about 6.8 ml had been added. An excess of KMn04 was avoided for the 
reason that free oxidizing agent present in the mixture would cause 
cleavage of the molecule by another mechanism. 
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No isolation of compound was attempted at the end of the 
reaction. This intermediate was subjected to cleavage in the next step 
by acid hydrolysis after filtration and removal of Mn02 • A test per-
formed for the presence of free cyanogen ion in the solution was negative. 
4. Hydrolysis of the intermediate product 
The product of oxidation in the last procedure was hydrolyzed 
with concentrated hydrochloric acid in a 50 ml three-necked reaction 
flask (Fig. 6). Hydrochloric acid was added by drops and the temperature 
was gradually increased from room temperature to 100°C by means of a 
water bath. Carbon dioxide evolving from the reaction was absorbed in 
the U~shaped tube fitted with a coarse sintered glass disc which con-
tained 10 ml of lN CO2-free NaOH. Sweeping of CO2-free air was carried 
out by applying water suction to the system and introduction of air 
filtered through NaOH solution. The reaction was completed in half an 
hour and the air sweeping was continued for another half hour. The 
system was disconnected and the reaction products were worked up separ-
·ately: 
a. Determination of specific activity of CO2 
The CO2 ab·sorbed in NaOH solution was transferred to a wet 
combustion tube and acidified in the Thomas Van Slyke Manometric Appara-
tus+ with 85% phosphoric acid. The amount of carbon in mg was determined 
+ 
Arthor H. Thomas Co,, Philadelphia, Pennsylvania. 
Air 
-+H20 
~::: ... _____ _ 
NaOH 
H20 
Hot plate 
Figure 6 
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Apparatus for Hydrolysis of the Di hydroricininic Oxidation Intermediate Product 
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as follows; 
mg Carbon= Pco2 X factor 
where Pc02 is the pressure of CO 2 corrected with blank sample, the 
factor was correcte~ according to temperature (44). 
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The CO2 was transferred to an ionization chamber and counted 
in the Vib~ating Reed Electrometer. Its specific activity was calcu-
lated as f ollows_g 
· specific activity = activity in mv/sec x 3,5, (1n\'c/IT1M) 
m.Mole of carbon 
where the activity counted was corrected for background, the term 3.5 
is an empirical factor used in this apparatus. 
b. Separation of oxalic acid and N-methyl-~-alanine: 
The reaction products left in the three-necked flask contained 
a mixture of oxalic acid and N-methyl-~-alanine which were separated as 
follows: About 30 ml of cation exchanger Dowex 50 W x 4 (20-50 mesh) 
was recycled with 200 ml of 2N NaOH and allowed to stand overnight. It 
was decanted and brought back to the hydrogen-form by treating with 
2N HCl. The recycled resin was first agitated with water in a beaker 
and then washed into the column (1 cm x 50 ml) and backwashed with dis-
tilled water. The reaction mixture was then eluted through the column 
at a rate of 1 ml per minute. The eluant containing oxalic acid was 
collected until a total volume of 100 ml water had been eluted (eluant I). 
To recover the N-methyl-~-alanine which was left on the 
column, 150 ml of 2.5 N HCl was allowed to pass through the column at 
the same rate as above, and the solution collected (eluant II). 
c. Precipitation of calcium oxalate 
Eluant I which contained oxalic acid was brought to pH 5 with 
concentrated ammonium hydroxide and precipitated by the addition of 
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2ml of lN Ca (N03 ) 2 and 2 ml of 20 0 N NH4Cl. The mixture was heated 
to about 70QC, allowed to cool, the precipitate was ~ollected by centri-
fugation. The yield was about 33% with respect to the weight of dihy-
drorieininic acid. 
d. Purification of N.,-methyl-~-alanine 
Eluant II which contained N-methyl-~~alanine was evaporated 
to dryness using the rotary evaporator. The residue was extracted with 
three 10 ml portions of 95% ethanol and again evaporated to dryness. 
The N-methyl-~-alanine thus obtained still contained impurities of 
inorganic salts and other material. Further purification was accom-
plished by sublimation. N-methyl-~-alanine melted at 100°0 0 The IR 
spectra of the isolated compound and of a sample of known ~-alanine are 
shown in Fig. 7 (Appendix). 
5. Treatment of N-methyl-p-alanine 
For further degradation, N-methyl-~-alanine was converted to 
propionate through acrylic acid. 
a. Methylation of N-methyl-~-alanine 
The N-methylFp-alanine \rJaS dis~olved in 3 ml of lN NaOH in 
a 50 ml flask, one ml of (CH3 ) 2S04 (11 mM) and 280 mg (5mM) of CaO 
were added to the solution which was shaken occasionally at room tem-
perature for about 12 hours, The reaotion mixture was then ~eutralized 
with 25% H2S04 and the solution acidified with a few drops of H2S04 of 
the same concentration. The entire mixture was transferred to a goose 
necked flask for steam distillation •. The distillate containing acrylic 
acid was collected until a total volume of 100 ml was obtained~ 
The presence of acrylic acid was confirmed by the acidity of 
the distillate (pHydrion paper) and by the reduction of KMn04 • The 
acrylic acid was titrated with 0.01 N Na.OH. The yield was about 5% 
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(based on N-methyl-~-alanine). 
b. Precipitation of tetramethyl-ammonium salt 
The steam-distillation residue containing tetramethyl-ammonium 
ions was neutrallized with 6N NaOH using phenolphthalein as an indicator, 
filtered, and the filtrate was treated with 100 ml of a 0.5% solution of 
Reineckate salt( NH4 (~r(NH3 ) 2 (SCN)~1 ~ centrifuged, the precipitate 
washed several times with water and the final product was recrystallized 
from boiling water. One of the methyl groups of the tetramethyl-ammonium 
Reineckate salt ,. (CH3 ) 4N 9r(NH3 ) 2 (SCN) 4 " ~ originated from the N-methyl 
group of ricinine, and its activity was determined by Liquid Scintilla-
tion counting or by the Van Slyke wet combustion method. 
c. Hydrogenation of sodium acrylate 
To one millimole of sodium acrylate in 100 ml of water was 
added 60 mg Pt0 2 (Adam's catalyst) in a 500 ml shaker-flask, Hydrogen 
gas was introduced into the reaction system after the removal of air by 
+ applying a vacuum to the. hydrogenation appar~tus , The flask was shaken 
occasionally by a mechanical device at room temperature while the hydrogen 
pressure was always maintained at 1 atmosphere. ·Completion of hydro-
genation required about two hours; the product, sodium propionate, was 
then centrifuged to remove Pt02 and ev~porated to dryness. The yield 
was about 97%. 
6. Degradation of propionate 
First, the sodium propionate w~s purified by eluting through 
a celite-sodium sulfate column prepared by packing 5 gm of celite (which 
was previously thoro~hly mixed with 3 ml of 0 0 5 N H2S04 ) in acetone-
+ 
Parr Instrument Company, Moline, Illinois. 
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hexane (1~10) suspension to a 0.8 by JO cm column and anhydrous sodium 
sulfate was packed above the celite to a height of 5 cm. After equili-
brating with JO ml of 1% n-butanol in chloroform, the column was ready 
to receive .the sodium propionate dissolved in 0.5 ml of 25% H2S04 • Pro-
pionic acid was eluted with 1% n- butanol in chloroform at a rate of 0.5-
1.0 ml per minute. Five-ml fractions were collected and titrated with 
O.lN CO2-free sodium hydroxide solution. The .tubes (5-10 tubes) con-
taining sodium propionate were combined and evaporated to dryness. 
To degrade sodium pr opi onate, the flask containing lmM sodium 
propionate was chilled in an i ce bath and o.6 ml of 100 per cent sul-
furic acid was added by drops. Complete solution of sodium propionat·e 
was achieved by heating and the solution was chilled in an ice bath 
again before adding sodium azide (100 mg). The reaction was carried 
out in an apparatus which permitted continuous trapping of CO 2 first 
under vacuum at room temperature and then by heating very slowly over 
a period of 1 hour to 70°C. The CO2-free air was allowed to sweep 
through the system for 1 hour while heating at 70°C or above. The CO 2 
trapped in 10 ml of 1N NaOH was then transferred to a combustion tube 
for activity determination. This CO2 corresponds to carbon 4 of rici-
nine. 
The traps containing acid permanganate and sodium hydroxide 
were replaced with one containing 10 ml of 0.2N sulfuric acid. About 
5 ml of lON NaOH was slowly added to the reaction flask, and the ethy-
lamine was then distilled into the sulfuric acid trap by heating the 
flask on a water bath and sweeping with air for JO minutes. 
Oxidation of ethylamine was carried out by adding 5% KMn0 4 
in alkaline solution at room temperature for 1 hour. The reaction 
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mixture was then acidified with 25% HiS04 and steam distilled 9 The 
acetic $Cid was collected, titrated with o.l N NaOH and evaporated to 
dryness. 
Degradation of sodium acetate proceeded exactly the same as 
for sodium. propionate except that the methylamine was trapped using 
hydrochloric acid 0 The CO2 collected originated from carbon 5 of rici-
nine. rhe methyla.mine was wet combusted to obtain the activity of car-
bon 6 0 
7. Summary of ricinipe degradation 
;F'igu,re 8 shows the ricinine degradation pathway used·. To make 
a complete degradation, the preferable starting sample size of rlcinine 
is 3 !aj_llimoles. -However, one millimole can be completely degraded 
provided the original specific activity of ricinine is high enough 
(>500 roµ.c/mM) so that dilution of the intermediate products can be ma.de. 
Certain precautions should be observed during this degradation, 
Hydrogenation of ricininic acid to give dibydroricininic acid 
with Na-Hg is preferably carried out in alcoholic solutlon rather than 
aqueous solution. This not only increases the -yield, but al~o gives 
.the ·correct hydrogenation product, ;'5,6-dihydroricininic acid. 
Ring opening of 5,6-dihydroricinlnic acid with lN KMn04 is to 
be carried in such a way that an excess of perma.nganate·must 'be avoided 
as it will also oxidize the oxalic acid. This re1;1ults in a randomiza-. 
tion of the radioactivity from carbons 2, ~, and 8 of ricinine. 
Methylation of N~methyl-~-alanine increases the acidity of the 
reaction mixture 0 This. m.ay:be due either to the replacement of the 
hydrogen atoms on t~e a~no group of N-methyl-~-alanine by the methyl 
groups or to the acidity of the dim.ethyl sulfa·te. The reaction mixture 
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must always be kept alkaline by occasionally adding sodium hydroxide. 
The desired amount of sodium p:ropion1:1te to be degraded is 
0 0 5-1.0 mMole with a total minimum activity of approximately 10 IJl\.l,c. 
CHAPI'ER :CV 
RESULTS AND DISCUSSION 
A. Pyridine Compounds as Precursors of Ricinine 
In the biosynthet.i,c pathWF3.y from nieotlnlc acid to rioinine,, 
several. steps are involved, thus several inter.piediates might be expected 
to be pr~cursors of r.i,cinineo Pyridine Qompounds derived from :rioinine 
anq some synthesized from ca~bon~l4 labeled intermediates were used in 
this studr. The structures and the position of label(*) for the oom-
pQunds used and data on the incorporation of thf;'lse compounds into ri-
cinine are shown in Table I, 
Although nicotinic acid and nicotlnam.ide have previously been 
shown to be the precur~ors of ricinine {6,8), data on the.i,.r incorpora-
tion into ricinine under the conditions used for the other pyridine 
compounds were obtained in order that a basis of comparison for the 
- ' 
relative efficiencies of incorporation would be available. 
· ·N-methyl-nicotinam.ide and rioinine acid were incorporated to 
a lower extent than nicotinic acid, indicating that they may be farther 
away from ricinine in the qiosynthetic pathway, and also, that they 
are probably not on the direct pat~way~ lhe high dilution of ricinine 
acig indicated that it WF3.s not as closely related to ricinine biosyn~ 
thesis.as was N-methyl-nicotinam.ide and nicotina.mlde which lends more 
support fo~ the role of the carbo:xamide group of nicotinamide being 
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TABLE I 
INCORPORATION OF PYRIDINE COMPOUNDS INTO RICININE 
P.;:es;w;§or Ricin,ine 
Experiment Specific Quantity Specific 
Incorporation+ 
Isotope Experiment Physiological 
Number Compound Injected Activity Injected Yield Activity Dilution Duration Stage 
Jll,.Lc/mM Jlli.l.C mMole m,tc/mM % (hours) _(Nodes) 
.3.41 N-me-nicotinamide 9,'Z7 X 104 1860 0,44 351 8,2 264 192 9 
.. 
o-CONH2 
"" N 
CHa 
9,'Z7 X 104 1860 410 N-me-Nicotinamide 0,22 522 6,1 178 96 8 
o-c'or:-1'2 
N 
CH a 
342 Nicotinamide l.,12 X 105 2240 0,39 618 lll,8 181 192 9 
• o-COi<H2 
N 
315 Nicotinamide l,12 X 105 2240 0,44 535 10,4 210 96 7 
o-~ONH2 
N_;.J 
412 i\Jicotinic Acid 6,5 X 106 1430 0,25 970 16,9 6,700 48 8 LJ. -COOi' I 
N 
413 i'Jicotinic acid 6,5 X 106 1430 0.46 682 22,0 9,530 96 8 (J ~ rCOOll J! 
N 
411 Ricinine Acid 1,3 X 1C4 18.4 C,21 11,5 13.3 1,130 96 8 
OCH3 ~ .!ooH li I , 
·,N_,.,~O 
:Ha 
415 R.icishnic Acid 1,71 X 102 2,64 C,16 19.4 123 8,8 96 8 
/~ .t,. It -v., 
'~t:~-
.... n 3 0 'w 
0 
+ Percentage Incorporation was calculated by dividing the total activity of the ricinine isolated by the total activity injected into the castor plant, 
TABLE II 
DEGRADATION OF RICININE FORMED FROM NICOTINIC ACID-7-C11+ 
Experiment Specific Activity c-/ C-7 C-8 C-2, C-3 
Number of Ricinine (-0-CHl) (-N-CHl) (-CN) 
lll,1c/ml~ m.tc?mM a r;µc?ml·l % n11c?ml1 % n1:1c?mM % JO 
254 63.6 trace 0 trace 0 63.5 100 trace 0 
412 256 trace 0 trace 0 249.C 97 trace 0 
413 349 trace G trace 0 345.0 99 trace 0 
+ 0-methyl activity was determined indirectly by subtracting the specific activity of ricininic acid from that of ricinine. 
++ Isolated as 1;-methyl-~-alanine. 
C-4, C-5, C-6-H-
Il(.Lc?mE :t 
0 0 
0 0 
0 0 
\.,J 
I-' 
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the precursor of the nitrile group of ricinine, The high dilution of 
riGinine acid roight also be due to metabolism of this comppqnd by other 
pathways in the castor plant, This compound may be a biodegradation 
product of rieinine (46). 
In the case of ricininic acid, it requires only one step, 
methylation, before it is converted to ricinine. A very high percentage 
of incorporation of ricininic acid into ricinine could be expected and 
the results obtained support this view. 
Previous reports (6,8) have shown that the carboxyl carbon of 
nicotinic acid and the ca.rboxa.mide carbon of nicotinamide wepe incor-
pora,tred into the nitrile carbon o;f ricinine. This has also been confirmed 
in this study using an entirely different method of degradation. In the 
degradation procedures used the nitrile group wa$ removed in the hydro-
lysis proQess after ring opening of trhe ricinine molecule~ Three rici-
nine samples of different specific activities were degraded (Table II) 
and all fragments from ricinine were found inactive except the CO 2 which 
came from the nitrile carbon, Of importance was that this result also 
proved that the only CO 2 evolved during hydrolysi~ came from the nitrile 
carbon and not from carbonf;! 2 and 3 as was originall;r reported (10). The 
improvement on the deg~adation procedures permits more reliance to be 
placed on labeling pattern$ where positions 2,3 and 8 of the ricinine 
molecule a.re involved. 
B. Glycolic Acid as Precursor of Ricinine 
Glycoiic acid-1-c14 and glycolic acid-2-c14 were administered 
ta castor plants to see if they were ipvolved in ricinine biosynthesis. 
laol~ III shows how well this compound was i.ncorporated into ricinine~ 
TABLE III 
INCORPORATION OF GLYCOLIC ACID INTO RICININE 
---~-
?reC\1l".S_O!' Ricinine 
Experiment Sj:;ecTITc ____ 1[uanti-fy pecifTc Isotope Experiment Physiological 
Number Compound Activity Injected Yield Activity Incorporation+ Dilution Duration Stage 
JJHc/mM n1Lc nll'-!ole I!l'Lc/ru•'. 
" 
(hours) (Nodes) /0 
371 Glycolic-1-c14 4. 91 X 105 925 0.43 10.3 0.48 4.77 X 104 48 7 
372 Glycolic-1-c14 4.91 X 1C5 463 0.17 13.0 C.48 3.78 X 104 48 'I 
373 Glycolic-l-c14 4.91 X 105 925 D.33 20.7 0.74 2.37 X 104 96 6 
374 Glycolic-1-cl4 4.91 X 1C5 463 0.28 9.0 0-.s~ 5.46 X 104 96 8 
389 Glycollc-1-c14 4.91 X 105 925 0.88 3.9 0.3& 1.26 X 105 48 9 
390 Glycolic-l-c14 4. 91 X 105 925 0.70 5.9 D.45 8.3 X 104 96 9 
375 Glycolic-2-c14 1.41 X 106 25cc o.63 10.3 0.25 l.J7 X 105 48 8 
376 Glycolic~2-C14 1.41 X 1C6 1280 0.22 396 6.77 3.56 X 103 48 6 
377 Glycolic-2-c14 1.41 X 106 25150 0.41 483 7.73 2.92 X 103 96 7 
378 Glycolic-2-c14 1.41 X 106 128(1 G.25 407 7 .28 3.46 X 103 96 6 
391 Glycolic-2-c14 1.41 X 106 256c 1.13 212 9.73 6.65 X 103 s.8 8 
392 Glycolic-2-c14 l,4l X 106 2560 0.79 120 3.7 1.18 X 104 96 9 
393 H2CI - C C.19 0 0 - 96 7 
+ Percenta,;e incorporation was calculated by dividin[ the total activity of the rlcinine isolaten by the total activity injected into the castor plant. 
\,0 
\,J 
TABLE IV 
DEGRADATION OF RICININE FORMED FROM GLYCOLIC ACID-2-c14 
E:xperilllent Specific Activity C-9+ C-7++ C-8 C-2 and C-J 
Number of Ricinine (-0-Methyl) (-N-Methyl) {CN) 
Jlllc/mH mµ.c/mM 'I, nµc/mM 'I, 111,.Lc/mM 'I, mµ.c/mM 'I, 
375 90.D 54.l 60.o 34.9 39.0 0.']8 1.0 Trace 0 
377 156.5 94.0 60.o 56.l 36.o 1.78 1.1 1.6 1.0 
+ 0-Metbyl activity was determined indirectly by subtracting the specific activity of rlcininic acid from that of ricinlne. 
++ N-methyl activity :was calculated by taking differer,ce of activity· of ricinine and activity of other carbon atoms. 
+++ Isolated and counted as ·N-methyl-~-analine. 
C-4, t-5, 
.111,1c/mM 
Trace 
2.97 
C-6 +++. 
'I, 
·O 
1.9 
\,..) 
+:'-
35 
The results from these experiments indicated that the label from 
g:l;ycolic l;l,Cid.,..~-cl4 was ,i.ncorporeted ten times greater than that from 
glycolia acid~l-014. Factors which may influence the percent incorpora-
tion such as the amoun,t of material ,injected and the physiologic~l de-
velopment of the pl~nt did not appear to have any effect on the extent 
of i.qcorporation. 
lUcinine formed from glyooliG acid-2-c14 was degraded (Table 
IV) and all carbon fragments were found inactive except the 0- and N-
methyl oarbcms. Difficulty was experienced in precisely measwing the 
specific ~ctivity of the tetrameth:vJ - ammonium reineckate salt, con-
sequently va:J,ue·s shown for the amount of' activity in the N-methyl carbon 
are not the result of making direct measurements, 
It is well known that gl.ycolic acid splits into two C1 units, 
so that it may serve as a .methyl donor, 
lo- and N-C"'fl;~ of riQininel 
*° 
/ 
HCOUH *OCOOH 
+ 
-1 
~CO 2 *oCOOH 
'!ill: 
route 
2 
*rlhOH 
oCOOH 
glycolic 
· acid 
· Figure 9 
lo- $ ricininel and N-CH3 of 
"' 
route *CHO *HCOOH 
~ I ~ + 
l oCOOH o CO2 
(predominant) 
Proposed Glycolic Acid Metabolism in Castor Plants(47~ 48, 49) 
From1• the known metabolic pathway of glycolic acid bl ,plant , 
( 47, · 48, 49 ) the label from gby.eo.l:ie a•cidl..2 :;;G'\~ '··mi'ght be in'Corporated · 
· into ·ricinine via formic acid + route 1 and?! ) ,; while $l'yCl>lic"'$.cid-l-C14 
would lose ·most of :I.ts act.ivity as co2, it can ,only be· incorpora,ted along 
route 2. 
c. Three-Carbon Compounds as Precursors of Ricinine 
'Jompounds used 1n these experiments were p-alanine-1-c14, 
glycerol-l-c14, malonic acid-1-e14, malonic acid-2-c14 and ma:lonamide 
-1-e14o Percentages of incorporation of radioactivity from these com• 
powids into ricinine are shown in Table V. Distributions of the carbon-
14 label in ricinine formed from glycerol, malonate and malonamide are 
shown in Table VIo 
Glycerol-1-c14 was found to contribute some activity to each 
· carbon atom of ricinine except for carbon 5; glycerol-2-c14 contributed 
its activity mostly to the 0- and N-methyl carbons, to carbons 2 ,and 3, 
and to carbon 5. It may be concluded that glycerol is incorporated 
into ricinine by three routes 0 ·one is without cleavage where the whole 
molecule can be incorporated into carbons 4,5 and 6 of ricinine; the 
other two routes .are that glycerol cleaves into C1 and 02 units before 
it is incorporated into ricinine 0 Based on known pathways : of glycerol 
metabolism this might proceed according to the scheme shown in Figure 10. 
About 50% of the total activity of glycerol (1-014 and 2-014) was found 
in carbons 2,3 and 8 0 The conclusion is that route 2 is predominant 
over the other routeso This labeling pattern is different from that 
reported by Marion et al (36)o They have shown that about 40-50% of the 
activity was located in carbons 4~ 5 and 6, with the rest of it in the 
0- and N-methyl carbons and the nitrile carbon 0 
TABLE V 
INCORPORATION OF THREE-CARBON COMPOUNDS INTO RICININE 
Precursor EJ~inine 
Ex;:-;eriment Specific Quantity Yield Specific Isotope Experiment 
Number Compound Activity Injected mMole Activity Incorporation Dilution Duration 
mµc/mM mµc mic/mM % (hours) 
379 ~-Alani.ne-1-cl4 2.80 X 105 1400 0.26 10.3 0.19 2.72 X :i.04 48 
38C ~-Ala,,ine-l-c14 2.80 X 105 1400 C.39 3.52 0.10 7.95 X 104 96 
381 ~-Alani.ne-1-c14 2.80 X 105 2800 0.36 12.0 0.15 2.33 X 104 48 
382 ~-Ala11ine-1-c14 2.80 X 105 2800 D.30 20.0 0.22 1.4 X 104 96 
367 Glycerol-l,3-C14 3.76 x 106 4930 0.55 37.7 0.42 1.0 X 105 48 
368 Glycerol-l,3-c14 3.76 x 106 2960 o.27 39.6 o.36 9.5 X 104 48 
369 Glycerol-l,3-c14 3.76 x 106 4930 0.62 37.3 D.47 1.0 X 105 96 
370 Glycerol-l,3-c14 J.76 x 106 2960 D.41 34.0 0.46 1.1 X 105 96 
466++ Glycerol-l,3-cl4 
--
100,000 o.83 262.0 0.22 -- 192 
467+ Glycero1-2-c14 50,000 o.68 297.0 0.41 -- 192· 
461+ 11alonate-l-C14 4.37 X 106 100,000 o.so 89.J 0.072 4.9 X 104 144 
464+ Halonate-1-c14 4.37 X 106 100,000 G.91 22.6 0.021 1.93 X 105 144 
462+ Malonate-2-014 3.24 X 106 100,000 1.04 139 C.15 3.33 X 104 144 
465++ Malonate-2-c14 3,24 X 10 6 10,000 1.28 20.0 0.25 1,62 X 105 144 
463+++ J-;alonamide-l-c14 6.1 x 106 50,000 0,47 152 0,14 4.0 X 104 144 
+ 10 plants grown in green house 
++ 2C plants grown in green house 
+++ 5 plants gro~T. in green house 
Physfological 
Stage 
(Nodes) 
6 
7 
7 
7 
9 
7 
10 
8 
7-9 
7-9 
9-11 
9-11 
9-11 
9-11 
9-11 
\.,..) 
-...J 
TABLE VI 
DEGRADATION OF RICININE FORMED FROM GLYCEROL, MALONATE AND MALONAMIDE 
Exoeriment Specific Activity C-9+ C-7++ C-8 C-2 and C-3 C-4 C-5 
N~ber Precursor of Ricinine (-0-CH:,) (-N-CH:,) (CN) 
J!JJ.c/o,,; m<c7mE :Z m.cc7mM )I> rr1:-1,c7rr::H p n11c?10M % m.1.c?rrJ.f % nuc7mM - % 
466(1) Glycerol-1-c14 -262.0 26.0 10.0 26.0 10.0 41.7 16.0 88.8 34.0 (21.4;;, C-4, C-5, C-6+++) 
l,66(2) Glycerol-1-c14 358.0 42.0 11.7 42.0 11.7 41.6 11.0 ns.o 33.C 49.5 13.8 
467 Glycerol-2-c14 297.0 6c.o 20.2 60.0 20.2 31.5 10.6 124.0 41.8 0 C 
471 Halonate-1-c14 63.1 9.6 15.2 9.6 15.2 10.5 16.7 11.0 17 .5 
472 Halonate-2-c14 71.0 15.4 21.7 15.4 21.7 7 .5 10.5 21.7 30.5 
473 Vialonamide-1-cl4 6.65 1.62 24.4 1.62 24.4 1 .• 0 15.C 1.75 26.3 
+ 0-Hethyl activity W&S determined indirectly by subtracting the specific activity of ricininic acid from that of ricinine. 
++ N-methyl activity was assumed to be equal to 0-methyl activity (7 .14). 
+++ Isolated and counted as Na-propionate. 
0 0 
65.0 22.0 
C-6 
m,u.c7mM % 
53.3 14.9 
0 0 
\,J 
00. 
~=!:l 
C.-6 J 
of ricinine 
Lipids 
1CH20H 
29HOH 
3GH20H 
glycerol 
· t(route 
1y OH 
pyruvate29=0 
3CH3 
. µco 2 
2QOOH 
acetate 8 cH3 
2100H succina.te 3 . Ha 
a Ha 
2 OOH 
t . 
Sugar 
1 ~00H h¥droxy 2 =O 
pyruvate 3 H2 0H 
t 
serine 
glycine 
r o .. and 
.39 
\ N-methyl s0'"'2} · 
3 v-3 of ricinine of ricinine 
2c ... a 
Figl.U'e J.O 
Proposed Glycerol Metabolism in Castor Pl~nts 
4Q 
Malonate and .rrialona.adde Jll8Y. be incorporated l,nto ~ioin.tn:e in 
. the saJD.e way as glycerol.; the distribut,ion or radioactivity of each 
carbon atom of ricinine falls into approximately the same pattern as 
tor glycerol; however, the propioll.8.te did not contal,n a s~f.tcient 
. . . . 
' 
amow,.t of radioactivity to be completely degradedo 
D0 Fotll"-Carbon DicarboJcylic Acids as Precursors cif Ric~nine 
Two dicarboJeylic acids, succinic .acid~l,-4-014, •uccinic acid-2, 
.3.;.cl4 and. fu.ma:rio ac,id-2,~-el4 were used in. th.is stu41·it. These metab-
olites found in the Krebs ·cycle Wel"e reported (J.,4) to have B high per-
. . . . - . ' 
ce.ntage of ,tncorpo:ration into: ric,tnine. Labeling pattern, of sue.ewe 
acld-l,4-C14 and succlnic ac1~2,3 ... c14 have :recently been l."eported ( 9\, 12) 0 
Fumar.ic acid-2,.3-014 would be expected to give the •.me.label,tng pat• 
1 • • • 
. terno 
I.n this study, the experiinents were caJ;'J"ied out with in"!!' 
Qreasing dura'liion of time.·· The results ahow (~able VII) that the. best 
incorporation is 48-hotl,l"S after administration of theseco,mpounds 0 
~· . . 
A;f'ter th.at time, the·pe:ricentage .or incorporation fa~s-greE1.tl;y, which 
.may be · ~foe -partly . to the breakdown of rlcinine , (46) • 
Results of degradation are $hown ~n foable VI;Iq In the case 
· or· succinic ac~d-1,4~c14, all carbon at.;,.ois are found to be iMotive e»--
cept carbons,2,.3 and 8, with most or the activity being in carbon 8, 
. . ... 
. . 
which agrees with earlier reports ( 9~, 12;, 14) ". In the case of succinic 
acid.,..2,~ ... 014 E1.nd tumaric acid-2 9.3..;c14, activities were also fo~d in. 
. . 
· .. carbons 2,.3 and 8, with mo,t of the e.ctivity in CS.:l!'bons 2 and .3" 
The incorporation of four-carbon dicarboJeylic acids into 
ric1.n1ne -Y p:t"ooeed through aspartic acid, baaed_ on the fact ·that tbi_•· 
. amino acid can be inco:r"porated•' ;nto ricinine (10) • 
. It is propos,ed · (Figure ll) tha.t aspa;-tic El.cid {I) conden.·ses 
TABLE VII 
INCORPORATlON OF FOUR-CARBON DICARBOXYLIC ACIDS INTO RICININE 
f[:;1.1.t1ot Ris;in!ne 
Experiment Specific Qaantity Specific 
Incorporation+· 
Isotope Experir.ient Physioloi::ical 
Nwnber . CO!DpOWld . Activity Injected Yield Activity Dilution Duration Stage 
µc/rJH ~1C d·:ole m.Lc/m}l 'I, (hours) (Nodes) 
426 Succinic Acid-1,4-cl4 5000 1770 0.2; .3.25 0.04; 1.,540poo 12 8 
427 Succinic Acid-l,4-C14 5000 1770 0 • .31 9.07 0.16 550,000 24 10 
428 . Succinic Acid-1,4-c14 5000 1770 o.2.3 28.0 0 • .36 179,000 4S 7 
429 Succinlc Acid-1,4-cl4 5000 1770 0.12 27.2 C.18 1s4,ooo . 96 7 
430 Succinic A~id-2,J-c14 8750 1100 0.16 3.3 00 0/.2, . 2,650,000 12 8 
431 Succinic Acid-2,J-c14 6750 1100 o.18 51.5 o.84 ~700,000 24 7 
432 Succinic Acid-2,;-cl4 8750 1100 0.095 142 1 •. 22 61~000 4S 6 
433 Succinic Acid-2,.3-cl4 8750 1100 0.21 82.5 1.55 101,000 96 ·9 
434 Fumarlc Acld-2,3-C14 610( 2Eo0 0.29 4.67 c.os1 ~.,oc,ooo 12 9 
435 FWlllric Acid-2,;-c14 6100 2600 C.19 93.3 o.67 M,soo 24 7 
436. Fumaric "1cid-2,3-Cl4 6100 2600 · 0.115 457 2.c 131300 IJ3 6 
437 F~ric Acld-2,3-C14 6100 2600 0.105 241 1.36 25,JOO 96 6 
438 H20 -- 0 0.17 0 0 - 96 6 
+ Percentage incorporation was calculated by dividln[ the total activity of the ricinine isolated by the total activity injected into the castor plant. 
-t 
TABLE VIII 
DEGRADATION OF RICININE FORMED FROM FOUR-CARBON DICARBOXYLIC ACIDS 
+ C-8 C-2 and C-3 Experiment Specific Activity C-9 C-7 
liwnber Precursor of Ricinine 7-0-CH3) 7-N-CH3) (-CN) 
mµc/mH m:...1.c mN . · .% m:1c mN % m,u.c/mM % nµc/mM .% 
162 Succinic Acid-1,4-cl4 23.4 0 0 0 0 18.1 77.3 2.44 10.4 
469 Succinic Acid-2,3-c14 135.0 Trace 0 Trace 0 2C.9 15.5 62.6 46.5 
468 Fumaric Acid-2,3-c14 214.0 0 0 0 0 30.6 14.3 104 48.7 
+ 0-Methyl activity was determined indirectly by subtracting the specific activity of ricininic acid from that of rici.nine. 
++· Isolated and counted as N-methyl-~-a lanine. 
++ 
C-4,C-5_,C-6 
nµc/mH % 
Trace 0 
4.2 2.4 
,l:-... 
l\) 
.with a·three~oarbon unit (II) to give rise to the pipepidine derivative, 
compound III, whioh is then dehydrated and dehydrogenated to form qu,ino-
1,inic acid (IV) which is converted to nicotinic acid (V) by decarboxy ... 
la.tion (51). Further steps in the biosynthetic pathway from nicotinic 
acid to ricinine have·been proposed (14); however, acoox-ding to the 
re(lu.lts of this. ~tu.dt, ricin.inic acid (VI) .IQS)" be the la.st interme<Ua1;e 
in the pathway. 
CHOR glycerol H2 succinate QHaOH ~OOH CH20R H2 
. "' H H / OOH 
. Hi/C'OH ,,COOR 
HO H2~ glycer- aspartic acid 
,·-·_, aldehyde H .... c~O · HN / COOH 
II f I 
HOo-COOH 
N ~COOH 
....f-..... III 
H.$ ·t;... Jl20 
~-COOH quinolini~ aciq 
~N)tcooH 
' . IV 
~CO2 
o-COQJI 
·;.· 
A-cN 
l!_N ~~ O 
CH3 J_ 
Ri,cinine 
. Figure ll 
V 
VI 
nicotinic acid · 
ricininic acid 
Proposed Pathway for Rioinine Biosynthesis 
CHAPTER V 
SUMMARY 
A number of selected pyridine compounds and small molecules 9 
most of them known precursors of ric:inin1;; 9 were studied in an attempt 
to provide more knowledge on t;.he biosynthesis of the py:ridine nucleus 
in plants. 
The extent of incorporation of these compounds into ricinine 
was es.tablished and the ricinine formed from nicotinic acid~ glycolic 
acid, glycerol~ malonate~ m.a.lonamide 9 succinate and furn.a.rate was chemi-
cally degraded to determine the amount of radioactivity located in each 
carbon atom of the alkaloid. 
The result from degradation of ricinine formed from nicotinic 
acid-7-C14 showed that all of the activity in the alkaloiq. was found 
in the nitrile carbon atom. This agreed with previous reports. 
Degradation of ricinine formed from glycolie acid showed that 
this compound served only as am.ethyl donor since all of the activity 
was foµnd in the 0- and N-methyl carbons. 
Activity was found to spread over each carbon atom of ricinine 
formed from glycerol. This was explained by the labeling pattern which 
showed that, a) glycerol was cleaved into smaller fragmentsy which in 
turn contributed to the methyl carbons, the nitrile carbon and carbons 
2, 3 and 8 of ricinine by being metabo],ized vi£;!. known pathways 9 and 
44 
45 
b) carbons 4, 5 and 6 of the alkaloid originated from glycerol which 
had not been cleaved into smallep units"· 
Ma.lonate and malonamide showed appro:idmately the same extent 
of incorporation into ricinine as did glycerol. Activity from these 
compounds was found to be distributed in every carbon atom of ricini.ne 0 
A labeling pattern similar to that for glycerol was proposed. 
Succinic: and fU!lli!l.rlc acids were found to contribute only to 
carbons 2? .3 and 8 of the ricinine molecule. These data eon.firm and 
extend the reports of other scientists working in this fieldo It may 
be concluded that e:uccina:te and glycerol are the prirn..,13.:ry bu,ilding units 
for the pyridine ring and nitr,ile carbon atom of ricinine, 
Among the pyridine compoQnds as probable direct precursors 
of ricininej ricininic acid was found to be quantitatively incorporatedo 
The complete pathway of ricinine biosynthesis may soon be elu-
ciated by using similar approaches and by studying the in vitro meta-
bolism of these and structurally related compoundso 
A preliminary report on this research has been .made (52)~ 
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